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Introduction
Large-scale assessments often face the difficulty of needing to be fair to multiple programs and educational jurisdictions-often with quite different philosophies and curricula. Historically, commercial test publishers and many state assessments solved the problem by testing the intersection of various curricula, focusing on lowest-common-denominator, basic skills. In contrast, NAEP was designed to be "comprehensive," that is, to represent the union of curricular goals both across jurisdictions and across time. It should, in principle, be able to capture and report achievement gains due to effective application of either of the major curricular approaches (traditional or reform) current in the United States today, as well as hybrids that combine aspects of both methods. By themselves, comprehensive assessments do not necessarily solve all of the problems of curriculum fairness or instructional sensitivity. Studies of TIMSS, for example, have shown that the ranking of countries would change substantially if the definition of mathematics had focused on particular content strands, or only on multiple-choice, shortanswer open response or extended open-response item types (Schmidt, Jakwerth, & McKnight, 1998) . Similarly, when the definition of mathematics was further manipulated by sorting items measuring the same topic into three groups-items measuring basic understandings and knowledge, items requiring use of routine procedures, and items testing problem solving or reasoning-and then emphasizing one or another of these item groups in scaling, changes in country rank ranged from none to 20, with a mean change of 7 ranks. Schmidt et al. (1998) also noted that our ability to evaluate the effects of different curricular weights using existing assessments is limited by the range of what gets included in the test. Important differences may already have been negotiated out of the shared test frameworks.
With respect to the validity of NAEP for detecting the effects of mathematics reform, we know that logistical constraints prevent NAEP from including tasks that would tap the full reach of experiences for students in classes with the most challenging curricula. It would be too disruptive in administrative settings to include tasks that the great majority of students could not do, and it would not be feasible to include mathematical investigations conducted over a period of days or in collaboration with other students. Therefore, there is a plausible concern that NAEP might underreport achievement for students in reform-based classrooms. A competing view might be that NAEP provides a wide range of both procedural and problem-solving tasks, thus enabling more accurate assessment of the skills of low-performing students than would be obtained from assessments that focus only on open-ended performance tasks.
In Knowing What Students Know (KWSK) (Pellegrino, Chudowsky, & Glaser, 2001 ), a National Research Council (NRC) committee composed of experts in learning theory and measurement modeling emphasized even more strongly the importance of aligning assessments and proficiency goals. They argued that large-scale assessments can contribute to teaching and learning, but only if they are designed to "focus on the most critical and central aspects of learning in a domain as identified by curriculum standards and informed by cognitive research and theory" (p. 241). In the judgment of the KWSK committee, the constraints under which current large-scale assessments have been built have limited their ability to measure important cognitive competencies. Pellegrino et al. (2001) provide a succinct summary of the problem motivating the present study:
Most large-scale test developers opt for having many tasks that can be responded to quickly and that sample broadly. This approach limits the sorts of competencies that can be assessed, and such measures tend to cover only superficially the kinds of knowledge and skills students are supposed to be learning. Thus there is a need for testing situations that enable the collection of more extensive evidence of student performance. (p. 243)
Goals and Objectives
This study is a validity study of the National Assessment of Educational Progress (NAEP), intended to test the adequacy of NAEP for detecting and monitoring the effects of mathematics education reform. In addition, it addresses the broader question:
• What are the attributes of assessments that provide the best information on various aspects of student learning?
To provide a context for assessing student learning where we could be reasonably certain of observing substantial learning gains in mathematics over the course of a school year, we selected NSF's Connected Mathematics Project (CMP). CMP is similar to other NSF-funded middle school math programs in that it places a strong emphasis on developing students' understanding of key mathematical concepts through problem solving. To support this end, students are encouraged to reason effectively and use multiple representations and approaches. Students practice skills and procedures, but such practice occurs in conjunction with efforts to promote conceptual understanding of the associated concepts. Furthermore, CMP was identified in an informal survey of mathematics education experts 1 as the most widely implemented middle school mathematics reform curriculum.
The American Association for the Advancement of Science evaluation of middle grade mathematics textbooks (2000) documented the strong similarities in core characteristics among several reform oriented curricula, including CMP. These similarities suggest that any findings from a CMP-based study would likely generalize to students enrolled in other NSF or reform curricula.
The mathematics education experts mentioned above also helped us to identify the NSF-sponsored Balanced Assessment in Mathematics (BAM) as a reform-based assessment tool that reflects learning goals laid out by the National Council of Teachers of Mathematics (NCTM). Ridgway, Zawojewski, and Hoover (2000) provide a rationale for the appropriateness of BAM as an outcome measure for CMP. It is important to note, as they did, that the developers of CMP did not develop their own "Connected Mathematics Test" because they wanted students' mathematical proficiencies to transfer to a broader range of tasks.
The current study design was intended to support a comparison of the relative effectiveness of three different types of large-scale assessments-BAM, NAEP, and state assessments-for measuring the learning gains of students participating in a wellimplemented reform mathematics curriculum. The following research questions were addressed:
1. For students exposed to a well-implemented reform curriculum, how great are the one-year gains that can be measured on an instrument well aligned with reform-curriculum objectives (but not so particularistic as to simply comprise an end-ofcourse test for a specific syllabus)? 2. For students exposed to a well-implemented reform curriculum, how great are the one-year gains captured by NAEP, an instrument that has been designed more broadly to represent the union of curricular goals both across jurisdictions and across time? 3. For students exposed to a well-implemented reform curriculum, how great are the one-year gains captured by a sampling of vertically equated state assessments selected to represent both traditional multiple-choice and standards-based assessments?
2 Based on the theoretical rationale above, our hypothesis was that NAEP would be more effective than traditional multiple-choice tests, but not as effective as BAM, in capturing student learning gains in CMP classrooms. The plausibility of this hypothesis also had empirical support in the findings reported by Ridgway et al. (2000) . In their study comparing gains in CMP classrooms on ITBS and BAM, the effect size gains on ITBS (measured in standard deviation units on the pretest) were only .52 to .55 for sixth, seventh, and eighth grade CMP students, but gains were .71 to .84 for these same students on BAM.
If BAM shows greater gains in CMP classrooms than are found for the same classrooms on NAEP, we want to know if this is because BAM measures more or less than NAEP. Two competing hypotheses can be represented by the following Venn diagrams, A and B. The underlying theory of mathematics reform holds that students taught with richer conceptual approaches will develop greater procedural skills as well as conceptual knowledge and problem solving abilities. Figure A shows NAEP nested within the larger BAM domain, illustrating the claim that BAM goes further in representing the cognitive processes involved in applying mathematical knowledge. According to this model, students who are adept with BAM tasks would also score well on NAEP. Figure B represents the rival hypothesis that BAM captures only a subset of the larger NAEP domain. According to this model, students who do well on BAM would not necessarily do well on NAEP. In fact, in the latter case, it should be possible to describe the particular content or skill areas not covered by BAM where students would perform relatively more poorly. 2 The state assessment analyses, however, were ultimately limited to a single state due to a variety of problems with the state data.
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Note that both of these models are consistent with finding greater gains on BAM (or on NAEP). To test these competing hypotheses, one would examine the types of items on each assessment on which students showed the greatest gains. Evidence from these analyses would help to rule out the hypothesis that CMP students do relatively worse on one of the assessments because they are failing to master important content or cognitive skills that are included on that assessment but not on the other.
Ceiling and floor effects on one or both assessments could also be mistaken for differences in instructional sensitivity. A separate issue has to do with whether the classrooms selected reflect a sufficiently strong implementation of the CMP curriculum to provide a valid test of the hypotheses. These competing explanations for effects are addressed by the following questions:
1. Are differences between assessments the same for high achieving eighth students who have been tracked into algebra? Are they the same for seventh grade CMP students? 2. Within each of these class conditions, are differences between assessments the same for classrooms with the greatest and least gains? 3. Within each of these class conditions, are differences between assessments the same for subsamples of students who begin the year with higher or lower levels of achievement?
Methods
Study Design
The core study design called for pretesting and posttesting (September and May) of grade 8 students enrolled in CMP classrooms using both NAEP and BAM. All gains were measured in standard deviation units of the respective pretests. If both assessments were equally sensitive to learning gains in these reform-based classrooms, then gains in standard deviation units should be roughly equivalent. To ensure that differences in measured gains for each assessment were not due to either restricted range of ability for the sampled eighth graders, or to a ceiling effect on one or both of the assessments, additional classrooms were recruited. Specifically, to determine if there were ceiling effects on either of the assessments, we also administered the assessments, fall and spring, to seventh grade CMP classrooms in the same schools. And, because many middle schools implementing CMP track higherperforming eighth graders into algebra courses, we also administered the assessments, fall and spring, to grade 8 algebra classrooms in the same schools. Including only CMP eighth graders would have decreased the study's generalizability and narrowed the opportunity for substantial learning gains by restricting the range of sampled abilities. The majority of the eighth grade algebra students had participated in CMP in grades 6 and 7, since all schools selected had implemented CMP at those grade levels. Furthermore, according to members of our Mathematics Expert Advisory Board, and as noted in previous evaluations of CMP, students continue to show growth on the higher-order skills emphasized in reform-based instruction even after progressing into classrooms using more traditional curricula.
Site Selection
To ease recruitment efforts and to provide a variety of state assessments for comparison, the sample was divided across four states such that 10 schools, each including one classroom per condition, were selected from each state. To decrease data collection costs, the 10 schools were drawn from geographically clustered areas. This did not restrict the spectrum of socioeconomic conditions across schools because each state selected had a range of urban, rural, and suburban schools within close proximity of one another. A key requirement for the validity of the study design was that the CMP curriculum be fully implemented at the study sites, and particularly in the CMP classrooms selected for assessment. Appropriate schools and teachers were identified with the help of the CMP coordinators in each state. In addition, we collected survey data to assess the extent of CMP implementation in study classrooms. 3 We selected only schools that used CMP in grades 6 and 7 as well as grade 8. This was done to ensure that the eighth grade students had prior experience with extended constructed-response type problems and therefore wouldn't show large gains due solely to unusually low pretest scores. In the four sampled states, anywhere from 15 to 50 percent of eighth graders were in classes that either blended algebra with CMP content or offered only traditional algebra curricula.
Although our design called for 10 schools per state, with three classrooms per school corresponding to each of the three conditions, some of the schools sampled did not have eighth grade algebra classes. There were also sample losses due to one whole school in State 3, and one seventh grade classroom in a school in State 2, that refused to participate at the last minute. In consequence, the total number of classrooms included in the study was 108 rather than the target 120 (see table 1). 
Assessment Instruments
National Assessment of Educational Progress (NAEP). In order to accurately reflect the breadth of the NAEP assessment, all 10 item blocks that make up the 2005 NAEP eighth grade mathematics assessment were administered at both pretest and posttest. Because we chose to use the national NAEP item parameters in the analysis (to insure that we would derive NAEP results that were as close as possible to operational), we did not have to use the full NAEP balanced-incomplete-block (BIB) spiral, as we would have if we intended to calculate our own item parameters. Rather, only five booklets, each including 2 of the 10 operational NAEP blocks, were used. Each student completed one booklet, comprising two 25-minute item blocks, in the fall, and another booklet, comprising two different item blocks, in the spring. For each administration, the five booklets were distributed evenly across states and classrooms. The five NAEP booklets contained 177 individual items. Most items (about 70 percent) were in multiple-choice format; the rest were constructed-response items. About 80 percent of the items (including all of the multiple-choice items) were scored dichotomously; the others were polytomous. Appendix A provides sample NAEP items.
Balanced Assessment of Mathematics (BAM).
Commercially available BAM assessment booklets contain five tasks, with each task requiring students to demonstrate depth of understanding in a particular content area. However, we were advised that a fivetask BAM booklet would be too long to administer comfortably in a single class period. Therefore, in agreement with CTB, who sold us the usage rights and complete scoring guides for the BAM, we constructed eight of our own assessment booklets, each containing four tasks drawn from the pool of seventh, eighth, and ninth grade BAM tasks and balanced across four of the five content strands that are used by NAEP.
4 Each of our BAM booklets started with a seventh grade task and continued with either three eighth grade tasks or two eighth grade tasks and one ninth grade task.
BAM tasks are divided into conceptually related but separately scored items (usually about three or four per task); our eight booklets contained a total of 118 individual BAM items. Nearly all of the BAM items that we used were constructed-response items, and about 60 percent were scored polytomously. Appendix B provides a sample BAM task ("Fish Ponds"), containing six items.
To ensure adequate content coverage, each student took two of the four-task BAM booklets over two class periods at pretest and a different pair of BAM booklets at posttest. For each classroom, all eight BAM booklets were distributed in equal frequencies, and all eight BAM booklets were used in both fall and spring.
Assessment Administration
Data collection took place during the 2005-2006 school year. Each testing session occurred within a single mathematics class period. For both the fall 2005 and spring 2006 administration cycles, all three testing sessions (one NAEP and two BAM) occurred within the same week. To guard against biases resulting from order effects between NAEP and BAM, a counter-balanced design, with classrooms as the sampling unit, was employed. For reasons related to item security and the uniformity of administration conditions, field staff from Westat, the contractor normally responsible for administering NAEP, conducted all administrations. Westat has trained field staff located throughout the country, so we were able to find qualified test administrators who were local to the chosen study sites in most cases.
Unique student identifiers were used to ensure that individual students did not receive the same NAEP or BAM booklets twice. Despite our efforts it was discovered during data cleaning that six students, who were then excluded from analysis, had received one of the booklets more than once due to confusion over student identifiers at the time of administration.
Scoring Open Response Items
To support valid and generalizable conclusions about the two assessments, it was important that all constructed response items be scored reliably and in a manner consistent with the normal uses of each assessment. Pearson, the company contracted to score NAEP, was enlisted to score our NAEP data using their standard procedures. The study booklets were intermingled with operational NAEP booklets for scoring. In addition, trend papers, which are responses to the same items scored during previous scoring sessions, were included to maintain accurate score calibration. Also as part of the process, 25 percent of the papers were evaluated by a second scorer, allowing a check on inter-rater reliability.
For BAM, scoring was conducted by the Santa Clara Valley Mathematics Project, housed at San Jose State University and directed by David Foster of the Noyce Foundation. The scoring sessions were led by experienced Mathematics Assessment Collaborative trainers who had been leading similar scoring processes on behalf of the Santa Clara Valley Math Project's BAM assessment program for 7 years. Trend scoring is not typically done with BAM since the various booklets are not formally equated. However, scorers were calibrated during training, and scoring consistency was checked throughout the scoring process. The first 20 tasks for each scorer were double-scored and examined before the scorer was allowed to continue. A second scorer rescored 25 percent of the student papers for each scorer. If discrepancies were found, one of the session leaders would intervene to determine the accurate score. If the discrepancies indicated an inconsistency in how the papers were being scored, scoring would cease and the calibration process would start anew. Also, lead scorers rescored 12 percent of the tasks to produce audit scores. Finally, 5 percent of these audited tasks were randomly sampled and evaluated for inter-rater reliability. The results of this process indicated that 98 percent of the original scores were within one mark of the audit scores, and that the median correlation between the original scores and the audit scores was .99, with a median difference between the original score and the audit score of .01 points.
For both assessments, scoring of fall and spring booklets occurred simultaneously so that scorers could not know whether they were scoring a pretest or a posttest.
Constructing the Analysis Sample
Sample attrition. There were 1,874 students for whom we had valid, complete test scores on all four of the BAM administrations. For NAEP there were 2,008 students with complete and valid test scores on both administrations. Because the BAM required four administrations and NAEP only two, the difference between the numbers of students with complete data for each set of assessments was not unexpected. The number of students with complete, valid test scores for all six test administrations was 1,784. All analyses involving gains as measured by NAEP or BAM were based on this group of 1,784 students. Most students who missed an administration were either absent, or not enrolled in the classroom at the time of testing. After taking account of the missing data created by the fact that our sample was a combination of students who were present at two different points in the year (spring and fall), the response rates were comparable to those achieved by NAEP for the same grade level and assessment. 5 The higher percentage of absent students in the 5 James Chromy, in a 2005 NAGB report titled "Participation Standards for 12 th Grade NAEP," indicated that the combined student and school pre-substitution response rate for 2005 grade 8 mathematics was 90 percent, noting that due to NCLB policy school response rates were now nearing 100 percent in most states. The report can be found on the NAGB website at www.NAGB.org.
fall compared to the spring is attributable to the fact that testing occurred very early in t school year and some students were classified as "absent" who were later determined to not be enrolled. No effort, however, was made to reclassify these students in our files based on subsequent information.
he NOTE: Accommodations were not provided. Students with disabilities or English language learners who required accommodations in order to participate meaningfully in the assessment were either excluded or tested (for the convenience of the school) but coded as "not in sample." Students who left the target classrooms after fall testing are coded as "not enrolled" in the spring. Students who entered the target classrooms after fall testing were generally neither enrolled in the sample nor tested in the spring since their scores could not in any case be used in the analysis. These students do not appear in table 2. In a few cases the schools requested that newly-entered students be tested with the rest of the class in the spring; these students are counted in table 2 as "test administered" in the spring and "not enrolled" in the fall, but necessarily do not contribute to our analysis sample.
While the booklets were distributed evenly among all sampled students, it was important to verify that the 1,784 students who were included in the analysis received each of the assessment booklets in equal proportions as well. Tables 3 and 4 show the percentages of students included in the analysis receiving each of the booklets for BAM and NAEP respectively. From these data it is apparent that non-response was spread evenly across all booklets, and that the group of students who were included in analyses had received each of the assessment booklets with equal likelihood. Sample demographics. Our sample was a convenience sample of nominated schools-all using the same (CMP) curriculum-that agreed to be in the study. It is not, therefore, intended to representative of all U.S. school children. Nevertheless, it is worth asking whether or not the students comprising our sample are similar in demographic characteristics to a representative sample of U.S. students. As can be seen in table 5, there were a number of differences between our analysis sample and the 2005 national NAEP grade 8 mathematics sample (public schools only). The demographics of our sample, as would be expected, also differed across conditions, with the upper-track algebra classrooms containing more Asian and White students, and fewer low-SES, Hispanic, Black, SD, and ELL students than the lower-track eighth grade CMP classrooms. Demographics for the each of the three conditions are displayed in table 6. 
Computing Overall Test Scores
For our analysis, we first used the national NAEP item parameters to calculate NAEP theta scores. 6 We next undertook a joint scaling of the NAEP and BAM items in which the NAEP item parameters were held constant, item parameters were estimated for the BAM items, and BAM theta scores were computed. Both NAEP and BAM theta scores were then converted to the NAEP reporting metric.
In a test with a block design, students' performance is only partially observed. (That is, no one student answers all of the items in the pool of items that define theta.) To circumvent this problem, maximum likelihood (MML) regression was used to estimate characteristics of the NAEP and BAM score distributions for groups of students in our sample. We were then able to generate distributional draws (plausible or imputed values of theta) for each individual student and use these plausible values in our further analyses. Plausible values can be thought of as a mechanism for accounting for the fact that the true scale scores describing the underlying performance for each student are unknown.
BAM scaling. As noted in the section on assessment instruments, each student completed eight BAM tasks, and, within each task, students responded to a series of discrete but interrelated items, each of which earned separate points based on the BAM scoring rubrics. (Partial credit scoring is used for some items, while others are dichotomously scored.) These separately scored units were treated as "items" for the IRT analysis. In total, our BAM spiral included 118 "items." Possibly as a consequence of sample size limitations, some items did not show much variation in performance, and adjustments were required before the IRT model would converge. Specifically, 10 very easy or very difficult items were dropped, and two or more response categories were combined for 24 of the partial credit items. The latter adjustments had the effect of reducing distinctions at the upper end of the difficulty spectrum, since the collapsed items no longer differentiated as many levels of "correctness."
Scaling BAM together with NAEP had the advantage of allowing us to report results for both assessments in the same metric and also to examine the relationship of individual items across instruments. However, there are two potential problems with this approach. First, in normal usage BAM is not scored using IRT, but by adding up the total number of points earned. (Test forms are not equated.) Second, because of the limitations of sample size, and the fact that we did not administer the full NAEP spiral (in which every block is paired with every other block), it was not possible to do a true joint scaling in which all item parameters were estimated together. Therefore, it could be argued that scoring BAM using our joint scaling disadvantaged BAM by forcing it onto the NAEP theta scale.
In seeking to evaluate this concern, we undertook a confirmatory factor analysis in which separate NAEP and BAM factors were calculated and then correlated with one another. A high degree of correlation would be taken as evidence that the two factors were very similar and a joint scaling was appropriate. (The correlation represents the cosine of the angle between the two factors in a "factor space.") Unfortunately, due to the matrix sampling of items across students, it was not possible to combine all of the NAEP items and all of the BAM items in a single factor analysis. Rather, each analysis had to be restricted to a single NAEP booklet and a single BAM booklet. Nine different booklet pairs were examined. Across these nine cases, the average observed correlation between the two factors was .88, and the true correlation between the NAEP factor and the BAM factor was estimated to be approximately .9. We judged this degree of correlation to be high enough to support the use of the joint scaling. However, in order to feel fully confident of our findings, we also carried out a parallel analysis of student growth on NAEP and BAM using a percent correct metric. The results of this analysis are reported in appendix C.
Test reliabilities. The reliabilities of the two assessments were calculated as (Observed score variance -error variance)/Observed score variance
We obtained the observed score variance by taking the variance of the first set of plausible values. We obtained the error variance by taking the variance across the five sets of plausible values for each student, and then averaging across students. Based on these calculations, the reliabilities of the two assessments were similar, and averaged around .9 for both assessments. Table 7 shows the reliabilities separately for the fall and spring administrations. 
Analysis of State Test Scores
Although we had hoped to be able to compare students' growth on a variety of state tests to their growth on NAEP and BAM, these comparisons were ultimately restricted to a single state due to problems with the state data from the other three states. More specifically, two of the states did not have vertically equated tests and the third state was transitioning to a new test system and could only provide scale scores for the posttest year (2006) . For the fourth state we did compute fall-to-fall student gains (fall of sixth grade to fall of seventh grade, or fall of seventh grade to fall of eighth grade, depending upon condition), and compared these to the fall-to-spring gains on NAEP and on BAM. Table 8 shows the NAEP and BAM mean scale scores (and standard deviations) of the students in our sample, by condition, in the fall and spring. As can be seen, the eighth-grade algebra students, with average scores of 314.47 in the fall and 327.69 in the spring, performed considerably higher, on both NAEP and BAM, than the other two groups of students. The national average for grade 8 NAEP was 279 (s.d. = 36) in 2005. This was somewhat lower than the spring scores earned by students in any of our three conditions. However, our sample was not intended to be nationally representative, and-as was shown in table 5-was in fact skewed toward higher-performing demographic groups compared to the nation. Moreover, it should be noted that the comparison is inexact because national NAEP is administered in February and our spring testing was administered in May, very close to the end of the school year. Mean booklet percent-correct scores for fall and spring are given in appendix C, table C-1.
Results
Mean Scale Scores for NAEP and BAM
For each of the three conditions, the average gains on NAEP are in the range of 11-13 NAEP score points. This is reasonably consistent with results on national NAEP, in which the difference between mean scores for grades 4 and 8 was 41 points in 2005.
NAEP vs. BAM effects
Although we initially hypothesized that BAM-being more closely aligned with the reform curriculum-would record larger gains than NAEP, the data suggest that both assessments are equally sensitive to the gains of the CMP students in our study, and NAEP appears better able to detect gains in the algebra classrooms (an effect size of .448 for NAEP compared to .298 for BAM). Table 9 displays the average gains in effect size units for each of the three conditions on both NAEP and BAM. Effect size units were calculated within each condition by dividing the gain by the standard deviation from the fall administration. Effect sizes using the percent-correct metric are shown in appendix C. Results in the percent-correct metric were very similar to the results reported here using IRT scaling. One critical element of the study design is that the sampled students must be benefiting from well-implemented reform-based mathematics instruction and thus exhibiting the types of learning gains that are intended in such a curriculum. Correspondingly, one obvious argument against the meaningfulness of our findings is the possibility that the sample failed to capture such students. In other words, the concern that NAEP is not sensitive to the types of gains fostered by reform-based mathematics curriculum would not be adequately addressed by our study if the sample was dominated by classrooms in which such gains were not present. Because of the way the sample frame was developed (working with each state's CMP coordinator, who theoretically would be motivated to recruit the most successful CMP schools), one might expect the CMP classrooms in our study to be among the best in each state. Moreover, all of the schools selected had fully implemented CMP curriculum in grades 6 through 8, and, based on a short survey which we administered at the time of testing, most students in our sample had had at least one prior year of middle school CMP instruction. As shown in table 10, 83 percent of the CMP students and 94 percent of the algebra students had had at least one prior year of CMP in middle school. Teachers of the seventh and eighth grade CMP classes also provided information relevant to judging the extent (if not the quality) of CMP implementation. Seventy percent of our CMP teachers reported teaching CMP for at least 3 years, and the mean number of years teaching CMP was 4.5.
With regard to the amount of CMP materials used in the target classes, teachers were given a list of all grade 6 through 8 CMP "units" (eight units are available at each grade level) and asked to mark the extent to which they used each unit. Ninety-seven percent of the CMP teachers reported using at least some material from at least four CMP units, and 80 percent reported using at least some material from at least six CMP units (table 11). Although these facts are reassuring, given the difficulties of implementing reform curriculum by teachers who have primarily been exposed to traditional teaching practices, it was worth considering what the results would be if we restricted the analysis to the highest gaining classrooms in our sample. For this analysis, we divided the classrooms in half within each condition, based on an average of NAEP gains and BAM gains for individual students, aggregated to the classroom level.
The results are displayed in table 12. As in the main analyses, the data show that both assessments are roughly equivalent in being able to detect learning gains in high-gaining CMP classrooms, thus providing further evidence that the results of the study are not likely due to poor implementation of the CMP curriculum. Also as in the main analyses, effect sizes in the high gaining-algebra classes favor NAEP (an effect size of .743 for NAEP, compared to .510 for BAM). Finally, as shown in table 13, we looked at how well the two assessments were able to detect gains for students who started the year with higher or lower levels of achievement (based on average NAEP and BAM fall test scores). Across conditions (but particularly in algebra), the somewhat larger effect sizes for students who started the year in the bottom half of the distribution suggest that there may be some ceiling effects in both assessments. Nevertheless, the findings still follow the same pattern as seen in the main analyses and in the analyses of high-gaining classrooms. That is, there were no significant differences in the ability of NAEP and BAM to detect gains for either grade 7 or grade 8 CMP students, but NAEP registered greater gains for algebra students, irrespective of whether they started in the top or bottom half of the distribution. (However, the difference in sensitivity among algebra students who started in the top half of the distribution is weaker, and it is only significant at the 0.10 level.) 
NAEP and BAM Effects by Content Area and Cognitive Complexity
Another interesting question involves looking at the ability of the two assessments to detect gains within particular mathematics topic areas and by level of cognitive demand. Items were classified into the five content areas and three levels of "mathematical complexity" used by NAEP. The 2005 NAEP Mathematics Framework describes mathematical complexity as follows:
Mathematical complexity of an item answers the question, "What does the item ask of the students?" Each level of complexity includes aspects of knowing and doing mathematics, such as reasoning, performing procedures, understanding concepts, or solving problems. The levels are ordered, so that items at a low level would demand that students perform simple procedures, understand elementary concepts, or solve simple problems. Items at the high end would ask students to reason or communicate about sophisticated concepts, perform complex procedures, or solve nonroutine problems. (NAGB, 2004, Ch. 2, pp. 2-3) Classification of the BAM items was done by an expert panel that included individuals who were experienced developers of both assessments. The same expert panel reviewed and validated the operational classifications of the NAEP items. Table 14 displays the results of the gain analysis by topic area. Here we see that the greater sensitivity of NAEP for gains made by the eighth grade algebra students was particularly concentrated in items from the algebra (p=.0141), geometry (p=.0135), and measurement (p=.0263) strands. In eighth grade CMP classes, none of the content areas exhibited differential gains by test instrument, but in seventh grade CMP, the two assessments were each differentially better at detecting gains in particular content areas. Specifically, NAEP was more sensitive to gains in geometry at seventh grade (p=.0273), while BAM was more sensitive to gains in the content area of number properties and operations (p=.0427). One subtopic within number properties and operations that may contribute to this latter difference (favoring BAM) is proportional reasoning. The seventh grade CMP curriculum has two units devoted to deepening students' understanding of ratio and proportion concepts, which are deemed critically important content to be introduced and mastered at the middle school level. The relative weakness of NAEP in this area was noted in a recent validity study by an expert panel of mathematicians, who found the set of eighth grade NAEP items classified as number properties and operations to be seriously lacking in coverage of ratios and proportional reasoning (Daro, Stancavage, Ortega, DeStefano & Linn, 2007 Decomposing the two tests by content area also illustrates the effect of shortening the total test on the ability to measure gains. As would be expected, shorter tests are less reliable and therefore less able to detect gains from fall to spring.
The results of the gain analysis by complexity level are shown in Table 15 . Since very few items on either instrument were classified as high complexity, high-and mediumcomplexity items were analyzed together. Here we see that the NAEP/BAM differences in detecting gains among algebra students were concentrated in the low-complexity items. That is, within the algebra condition, the effect size differences between the two assessments are highly significant for low-complexity items (p=.0021), but not significant for high-and medium-complexity items. In grade 8 CMP, by contrast, the difference in test sensitivity, while not as great, was concentrated in high-and medium-complexity items, and favored BAM over NAEP (P=.0659). No significant differences were observed in grade 7.
Offsetting or Compensatory Differences Between Tests
Findings from the content and item complexity analyses contradict somewhat the overall study findings of "no difference" between NAEP and BAM in capturing learning gains in seventh and eighth grade CMP classrooms and a general superiority of NAEP in capturing gains in eighth grade algebra classes. Instead, there appear to be some compensatory or offsetting strengths of the two tests worthy of further exploration.
To further examine the hypothesis that gains on NAEP reflect predominantly lowcomplexity gains while gains on BAM represent disproportionately gains on medium-and high-complexity items, regression analyses were performed predicting total test score gains from subtests constituted from the two item types. Regression coefficients and standard errors are reported in Table 16 . While there appeared to be a pattern in Table 15 in the relative magnitude of effect sizes, some of the differences between NAEP and BAM were not statistically significant. Here, however, the pattern is more consistent across all of the class conditions, and strikingly different between the two tests. Total score gains on BAM are accounted for predominantly by the subtest comprising medium-and high-complexity items, which has regression coefficients twice those of the low-complexity subtest. On NAEP, the reverse is true, with total test score gains being predicted much more strongly by the low-complexity subtest. These differences are likely the result of differences in both the relative number of each type of item on the two tests and the relative measurement quality of the two types of items. The comparisons in Table 15 between NAEP and BAM gains based on subtests of medium/high-complexity items are relatively straightforward because the two subtests have very nearly the same number of items: 65 items and 69 items, respectively. However, the NAEP low-complexity subtest has almost three times as many items as the BAM low complexity subtest: 112 items versus 39 items. Do the greater gains registered by the NAEP low-complexity subtest indicate that NAEP low-complexity items are more instructionally sensitive that BAM low-complexity items? Or are there just more of them? To allow a more direct comparison without the confounding influence of test length, the NAEP lowcomplexity items were randomly subdivided into three shorter subtests-37 or 38 items in length. Fall-spring effect sizes for the three shorter subtests are reported in Table 17 ; they can be compared with the effects for the full 112-item subtest, which are reproduced from the top left-hand quadrant of Table 15 . If number of items is a major determinant, shortening the NAEP subtests could reduce their reliability and therefore make it more difficult to detect fall-spring gains. Indeed, the effect sizes for subtests B and C are smaller than those for the full set of 112 NAEP low-complexity items and (with the exception of eighth grade CMP) are no longer greater than the gains for BAM low-complexity items. The results for subtest A were anomalous. Clearly this random draw of items was appreciably different. Even when the five highest gaining items were eliminated from subtest A, the effect sizes continued to be almost as great as for the full 112 items. These findings, as well as the desire to examine the substantive nature of fall-spring gains, led to a more fine-grained analysis of item gains and the distribution of item gains.
Quantitative Analysis of Item Gains
To delve further into the effects observed on each assessment and differences between them, we calculated theta gains, within condition, on each individual item, and we then examined the distributions of these theta gains. Items with fall p-values above .95 or below the c ("guessing") parameter for a particular condition were excluded from the analysis of that condition because of the high error associated with estimates of theta for items at the extremes of the distribution.
8 Figure 1 shows the distribution of gains among all items, for each assessment, by condition. The difference in the shape of the item gain distributions is most evident in the algebra condition, which is, of course, the condition in which NAEP demonstrated a significantly greater effect size than BAM. In the algebra condition, the distribution of item gains for BAM is both more compressed and centered lower than the NAEP distribution. The boxand-whisker plots in figure 1 also make it easy to observe the fact that NAEP has a few items for which there were very large theta changes from fall to spring. These items, which tended to repeat across class conditions, are discussed substantively in the next section.
Content Analysis of Item Gains
The hypothesis that NAEP and BAM appeared to produce "the same" results for seventh and eighth grade CMP classes because of offsetting, differential gains on low-complexity and medium/high-complexity items prompted a further investigation into the substantive nature of the items contributing the most to the gains on the two assessments. Table 18 lists the 10 top gaining items on NAEP and BAM in each of the three class conditions, ordered from the highest gaining to the tenth-highest gaining. These items were examined by content experts who, in addition to reviewing the content and complexity classifications, looked for other patterns, such as patterns in item format or skill requirements. While the subtest analyses presented in tables 15-17suggested that NAEP gains were more concentrated in the low-complexity items, the detailed review of the topgaining NAEP items showed an overrepresentation of constructed response (CR) and medium/high-complexity items in this set. For example, these sensitive NAEP items were 40 percent constructed response (CR) for each condition, which is twice the proportion of constructed response items on NAEP as a whole. The NAEP high-gaining items were also 40 percent medium/high complexity as opposed to only 26 percent medium/high complexity for the test as a whole. There was, however, considerable overlap between these two item attributes within the set of NAEP highgaining items: all of the constructed response items in this set were judged to be medium or high complexity in terms of cognitive demand, while only one multiple choice item (in the eighth-grade CMP condition) was classified this way.
As was suggested by the quantitative analysis of item gains displayed in figure 1 (in which the range of gains across BAM items was seen to be smaller than the range of gains across NAEP items), the BAM high-gaining items are relatively more homogeneous than the NAEP high-gaining items. Obviously BAM items are all constructed response items, and they are also more similar to one another in that they all were developed with the explicit intention of eliciting mathematical reasoning-particularly modeling in quantitative and geometric situations. This explicit attention to mathematical reason in test design was, in fact, the reason that we selected BAM to be the reform-oriented mathematics assessment in our study. Such reasoning proficiencies are expected to develop gradually over time if they are featured in instruction, and CMP explicitly incorporates pedagogies and content intended to develop these proficiencies. Table 18 shows the high proportion of the high-gaining BAM items that were judged by our content experts to require mathematical reasoning for their solution (MR).
NAEP is much more heterogeneous than BAM, both with respect to the range of item gains and the nature of the skills tapped by the high-gaining items. As noted above, NAEP constructed response items are more BAM-like in terms of cognitive complexity. In contrast, examination of the high-gaining, low-complexity NAEP items suggests that these items often tap proficiencies that are less related to mathematical reasoning and more focused on the language and presentation of mathematics problems. In Table 18 , NAEP items are said to assess "enabling skills" (ES) if they required reading complicated instructions, applying basic terminology, or demonstrating basic skills in an unfamiliar context. In a few cases, NAEP highgaining items also tapped "isolated" (IS) content, such as scientific notation, that is taught briefly and then disappears from the curriculum. In other cases the specific skills tapped by high-gaining NAEP items, such as locating points on the Cartesian plane, would have been taught in prior grade levels, yet appeared to be "instructionally sensitive" in the grade level we tested. Presumably this occurred because students were able to use and practice these skills sufficiently over the course of the year to dramatically improve proficiency by the time of spring testing.
State Test Effects
As explained previously, the comparison of sensitivity to gain was extended to the state assessment in one of our four states. For this analysis we had 308 students who not only had all of the necessary administrations of both NAEP and BAM, but also state test scores on a vertically aligned state test for both spring 2005 and spring 2006. The state test was one that would be considered moderately reform oriented. Table 19 shows the effect sizes on all three of the assessments for this group of 308 students. The results suggest that for all three class conditions, the state test is less sensitive than NAEP to the type of instruction experienced by these students, and the degree of difference increases as one moves from seventh grade CMP, through eighth grade CMP, to eighth grade algebra. BAM and the state test are not significantly different in any of the conditions. While these results are interesting, they should be viewed with caution because of the small sample size and the fact that the analysis was restricted to a single state. Moreover, it is important to note that NAEP and BAM are measuring fall-to-spring gains, while the state test is measuring spring-to-spring gains. To the extent that students "backslide" over the summer, one would expect higher student performance in the spring than the following fall and therefore less room for growth prior to the subsequent spring. The state test may, therefore, reflect a situation in which the actual student gains are smaller than those measured by NAEP and BAM. 
Conclusions
The primary question addressed in this study was as follows: for students exposed to a well-implemented mathematics reform curriculum, how great, and how similar, are the one-year gains that can be measured on (a) BAM, an instrument well aligned with reform-curriculum objectives, and (b) NAEP, an instrument that has been designed more broadly to represent the union of curricular goals both across jurisdictions and across time? Although we had initially hypothesized that BAM, being more closely aligned with the reform curriculum, would reveal larger gains than NAEP, we found that both assessments were equally sensitive to the gains of our sample of students in CMP classrooms, and NAEP appeared better able to detect gains in the algebra classrooms. This was true even though the BAM test required twice as much time to administer as the NAEP test. Moreover, the finding of equal or larger gains for NAEP held up even when we looked only at high-gaining classrooms, as a check against the concern that the CMP curriculum may not have been well implemented in all of the sampled classrooms.
In an analysis that separated students based on their fall performance level, we found that both assessments registered greater effects for students who started in the bottom half of the distribution, suggesting some ceiling effect for both instruments. However, the general pattern of equal sensitivity for BAM and NAEP in CMP classrooms, and greater sensitivity for NAEP in algebra classrooms, still persisted.
When gains were examined separately by mathematical content area and level of complexity, further detail emerged. In particular, the greater sensitivity of NAEP for measuring gains in algebra classrooms seemed concentrated in the algebra, geometry, and measurement strands and in lower-complexity items. At the same time, the variability of individual item gains was greater for NAEP than for BAM in this class condition.
The concentration of NAEP gains in low-complexity items for all class conditions was particularly striking and suggested the hypothesis that NAEP and BAM appeared to produce "the same" results for seventh and eighth grade CMP classes because of offsetting, differential gains on low-complexity and medium/highcomplexity items, respectively. This hypothesis was given additional support by a detailed analysis of the top-gaining items in each class condition. Our content expert reviewers judged that the highest gaining BAM items were more likely to tap mathematical reasoning skills than were the highest gaining NAEP items. (Although the highest gaining NAEP items were more heterogeneous and also included several BAM-like constructed response items.)
While the detailed analysis of item gains is useful for attempting to tease out the attributes of assessments that provide the best information on various aspects of student learning, they should not obscure the primary finding of this study-namely, the comparable (and sometimes greater) sensitivity of NAEP as compared with BAM. In light of this central finding, the concern that NAEP is underreporting achievement for students in reform-based classrooms seems clearly unfounded. Students in reform-based classrooms-and schools-appear to do at least as well on NAEP as BAM. Moreover, in the one state where a comparison to gains on the state test was possible, NAEP appeared to outperform the state test in all three conditions. This latter tentative conclusion must be tempered, however, by the small sample size available for the state test analysis and also by the fact that the state test was measuring spring-to-spring gains, while NAEP was measuring fall-to-spring gains. The differences in time of administration may mean that there was more room for actual growth on the NAEP and BAM assessments than on the state test due to summer learning loss.
In addition to the main IRT-based analyses presented in the body of the paper, we also carried out a parallel set of analyses using a booklet percent correct metric. For BAM, this meant calculating the booklet percent correct, adjusted for booklet difficulty and spread as measured during the fall. Since students took two BAM booklets at each administration, booklet scores from the paired administrations were averaged to obtain a single fal, and a single spring percent correct score for each student. For NAEP, the percent correct was calculated by solving for each student's theta using the existing NAEP item parameters. The thetas were then used to estimate the pooled percent correct for all of the NAEP items. Table C-1 shows the means and standard deviations of the percent correct scores for fall and spring on each assessment and in each of the three conditions. NOTE: Because scores have been adjusted to account for differences in booklet difficulty, the potential range of percent correct scores is -10% to 110%. X's denote means, dark horizontal bars denote medians.
Table C-2 presents the fall-to-spring gains for each assessment, in each of the three conditions. As can be seen, the results are generally similar to the results obtained using the IRT scaling. That is, NAEP and BAM performed essentially the same for measuring gains in seventh and eighth grade CMP classrooms. In eighth grade algebra classrooms, NAEP detected greater gains than BAM. 
